Methods for the evaluation of caries preventing agents by Herkströter, Franciscus Maria
  
 University of Groningen
Methods for the evaluation of caries preventing agents
Herkströter, Franciscus Maria
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1990
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Herkströter, F. M. (1990). Methods for the evaluation of caries preventing agents. Groningen: s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the




Den ta l  ca r i es ,  o r  t oo th  decay ,  i s  a  pa tho log i ca l  p rocess  o f  l oca l i zed  des -
t ruct ion of  tooth t issues by micro-organisms present in the so-cal led pla-
que .  The  des t ruc t i on ,  caused  by  ac i ds  f o rmed  i n  t he  p l ague , I eads  t o  m ine ra l
l oss  ( dem ine ra l i za t i on )  f r om  the  ha rd  t i s sues .  A  dem ine ra l i zed  t oo th  can
a l so  ga in  m ine ra l ,  due  t o  a  p rocess  ca l l ed  rem ine ra l i za t i on .  A  t oo th  ! s
c l i n i ca l l y  " s t ab le "  when  dem ine ra l i za t i on  and  rem ine ra l i za t i on  a re  i n  equ i -
l i b r i um .
To maintain or  restore the equi l ibr ium si tuat ion,  severai  car ies prevent ive
measures can be taken.  The sever i ty  of  the at tack can be reducecl  by "chang-
ing" the pl"aque substrate by the consumpt ion of  less car iogenic food,  by
reduct ion of  the sweet intake f requency lper iods of  demineraLizat ion are
fol lowed by longer remineral izat i -on per iods) and by plague reduct ion.  These
prevent ive rneasures are very ef fect ive in car ies recluct ion,  but  ask for  a
considerable pat ient  compl iance,  which is  of ten di f f icul t  to nainta in.
To make car ies prevent ion less dependent on the pat ients '  compl iance,  the
tooth i tseLf  can be protected by several  means,  for  example by f luor ide.
Fluor ide is  widely used as act ive ingredients in car ies prevent ing agents:
for  example in dent i f r ices,mouthwashes, tablets or  topical  appl- icat ions etc.
From the c l in ical  point  of  v iew, the benef ic ia l  ef fect  of  car ies-prevent ing
agents should be evaluated under condi t ions which correspond as c loBely as
poss ib l e  t o  t he  " r ea l "  s i t ua t i - on ,
I n  t h i s  t hes i s ,  t he  e f f ec t  o f  f l uo r i de  on  de -  and  rem ine ra l i za t i on  o f  ena -
mel and dent ine is  consideredrseveral  In v i t ro and ia s i tu tests are evalu-
ated and at tuned to produce an integrated approach,  which contr ibutes in
br idging the gap between Laboratory work and exper imentat lon in v ivo.
First ly ,  several  methods to measure mineral  changes in tooth mater ia l  are
evaluated.  In Chapter 2 surface micro-hardness measurements,  which are
pBeudo non-deBtruct ive,  are evaluated for  their  potent ia l  use on dent ine.
l ' { icrohardness indentat ions in dent ine show rel -axat ion behavior  wi th t ime.
In a compar ison between indentat ion length and mineral  concentrat ion i t  is
shown,that  for  human dent ine no di rect  re lat ion exists between the hardness
indentat ion Iength and the mineral  content  of  the samples.  I t  is  concluded
that  surface hardness meagurements are not  appl icable for  the non-destruc-
t ive aegessment of  mineral  changes in dent ine,  dur ing de- or  remineral iza-
t i on .
In chapter 3,  the theoret ical  base for  Wavelength- independent Microradio-
graphy (WIM),  is  descr ibed and tested.  To test  the wavelength independency
of  the method, mineral  concentrat ions of  f lat tened enamel and dent ine sam-
ples wi th a th ickness up to 500 pm are determined for  sound and for  demi-
neral ized samples at  20 and at  50 kV X-ray tube vol tage.  I t  is  shown, that
a  m ine ra l  quan t i f i ca t i on  i s  r eached  w i t h i n  1 .5  t ,  i ndependen t  o f  t he  x - rays
used. In a compar ieon of  mineral  concentrat ions measured by wIM and by Lon-
g i t ud ina l  M i c ro rad iog raphy  (LMR) ,a  co r re l a t i on  coe f f i c i en t  o f  0 . 99  i s  f ound
fo r  ename l  and  0 .95  f o r  den t i ne .  I t  i s  conc luded ,  t ha t  t he  new  me thod  i s
po ten t i a l l y  su i t ab le  f o r  non -des t ruc t i ve  m ine ra l  assessmen t  o f  who le  t ee th .
I n  Chap te r  4 ,  W IM i s  checked  on  i t s  app l i cab i l i t y  t o  f o l I ow  m ine ra l  changes
du r i ng  dem ine ra l i za t i on  o f  who le  t ee th .Th i s  i s  done  i n  t h ree  s teps  w i t h  i n -
c reased  comp lex i t y :  I n  t he  f i r 6 t  s t ep  na tu ra l ,  cu r ved  su r f aces  a re  i nves t i -
gated.  The mineral  content  of  about 0.3 mm thick enamel and dent ine samples
w i t h  na tu ra l  gu r f acee  i s  de te rm ined  by  WIM and  by  LMR.A  co r re l a t i on  be tween
bo th  me thode  o f  0 .98  i e  f ound  f o r  bo th  t he  ename l -  and  t he  den t i ne  samp les .
I n  t he  eecond  s tep  t h i ck  t oo th  sec t i ons  a re  s imu la ted  by  add ing  a  b l ock  o f
I
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5 mm dent ine to th in enamel and dent ine samDles.  Mineral  measurements wi th
wIM of  the samples plus the dent ine block are compared wi th mineral  mea-
surements of  the th in samples (wi thout  b lock) for  d i f ferent  stages of  mine-
ral izat ion.  A correlat ion of  0.97 between measurements wi th-  and wi thout
b l ock  i s  f ound  f o r  t he  ename l  and  O .9O fo r  t he  den t i ne  samp les .  F i na I I y ,  i n
a th i rd step,  the demineral izat ion of  whole premolars is  fo l lowed.
In the Gecond part  of  th is the6is,  several  in v i t ro test ing methods are
evaluated.  In chapter 5,  in v i t ro demineral izat ion methods are compared.  A
new pH-cycl ing system, in which the employed de- and remineral izat ion solu-
t ions have a constant  composi t ion,  is  presented.  I t  is  used to compare the
amount of  mineral  lost  f rom human dent ine and enamel wi th and wi thout  their
natural -  sur faces r^rhen smalI  amounts of  f luor ide are added to a demineral i -
zLng solut ion.  Also several  d i f ferent  demineral izat ion/remineral izat ion
ra t i os  -  i n  t he  range  1 :1 ,  t o  1 :4  -  a re  i nves t l ga ted .  A  l i nea r  co r re l a t i on
is found between the amount of  mineral  lost  and the tota l  demineral izat ion
per iod for  both dent ine and enamel.  For both t issues,  the removal  of  their
outer  surface roughly doubles the amount of  mineral  1ost .  Under the used
pH-cycl ing condi t ions,  a logar i thmic re lat ion between mineral  logs and con-
centrat ion of  added f l -uor ide was found. About 2 ppm F- is  needed to inhib i t
the enamel demineral izat ion completely i  in the case of  dent ine much more F
in  so lu t i on  i s  necesga rv  t o  ach ieve  i nh i b i t i on .
In the f i rs t  part  of  Chapter 6 the pH-cycl ing apparatus ment ioned is exten-
ded to a fu l ly  automated and standardized apparatusfwhich imi tates the oral
s i tuat ion by pH-cycl ing and brughing wi th a dent i f r ice.  I t  is  appl ied to
test  the ef fect  of  5 dent i f r ices on the demineral izat ion of  Dre-demineral i -
zed enamel in v i t ro.  The condi t ions are guch that  demineral izat ion domi-
nates ' ,  l . l ineral  loss decreases I inear ly wi th the tota l  amount of  f luor ide in
t he  den t i f r i ces  ( r=0 .95 ) .  A l l  den t i f r i ces  bu t  one  s i gn i f i can tLy  r educe  t he
anount of  mineral  loss compared wi th the contro l  den! i f r ice.  The dent i f r ice
contain ing l13O ppm NaF decreases demineral izat ion s igni f icant ly  more com-
pared wi th the products contain ing mixtures of  NaF and MFP or the placebo.
No stat is t ical ly  s igni f icant  d i f ference is  found between the product  con-
ta in ing NaF only and the product  contain ing NaF and pyrophosphate (P<0.05).
In the last  part  of  th is work,  several  jn s j tu methods to test  the ef f icacy
of  car iee prevent ing agents are evaluated.
In the gecond part  of  Chapter 5,  an in s i tu model  using abraded enamel sam-
ples f ixed in a denture is  employed to compare the ef fect  of  the 5 dent i -
f r icee in s i tu on plaque- induced mineral  loss.  fn s i tu, the exper iments show
that  no ef fect ive remineral izat ion occurs dur ing brushing wi th the dent i -
f r ices for  a per iod of  9 weeks.  The tota l  amount of  f luor ide in the dent i -
f r i ces  and  m ine ra l  l o ss  we re  on l y  weak l y  r e l a ted  1 r=0 .58 ) .  Aga in ,  t he  den -
t i f r i ce  con ta i n i ng  1130  ppm NaF  dec reases  dem ine ra l i za t i on  s i gn i f i can tLy
more compared wi th the products contain ing mixtures of  NaF and MFP or the
p lacebo ,  Aga in  no  s ta t i s t i ca l l y  s i gn i f i can t  d i f f e rence  i s  f ound  be tween  t he
product  contain ing NaF only and the product  contain ing NaF and pyrophos-
p h a t e  ( P  < 0 . 0 5 ) .
Eecause the model  descr ibed above is  l imi ted to invest igat ions perta i .n ing
to smooth surface enamel demineral izat ions,  a new in s i tu model  is  proposed
in Chapter 7.  fn th is model  enamel and dent ine demineral izat ions can be
studied both on the smooth surfaces and on the approximal  s ides of  whole
teeth.  Using Wavelength- independent Microradiography changes,  in the enamel
and dent ine of  the premolars can be moni tored.  The model  j ,s  current ly  being
used to compare the mineral  loss or  gain ef fects caused by a dent i f r ice
contain ing 1130 ppm NaF on enamel and dent ine smooth gurfaces wi th the ef-
fect  on approximal  s ides.
Final ly , in Chapter 8, the new in v i t ro and in s j tu methods are combined wi t
the new mineral  assessment method. suggest ions for  fur ther research are gi
ven to come to an rntegrated approach to the evaluat ion of  car ies preven
t i ng  agen t s .
